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(54) ELECTRONIC DEVICE 

(57) An electronic device in which electrical power 
transfer and data transfer are performed by exchanging 
physical energy between a station and an electronic 
watch. In the station, a packet creating circuit creates 
either a charging packet or a data packet. The station 
transmits the created packet to the electronic watch 
using electromagnetic coupling. In the electronic watch, 



a packet determining circuit determines the format of 
the transmitted packet. The charging operation of a sec- 
ondary battery and the writing operation of the trans- 
ferred data to a memory are switched by the electronic 
in accordance with the determination result of the 
packet determination circuit. 
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Description 

Technical Field 

[0001] The present invention relates to an elec- 5 
tronic device in which electrical power transfer and sig- 
nal transfer are realized by exchanging physical energy 
among devices. 

Background Art w 

[0002] Recently devices have been proposed in 
which, when a portable electronic device such as a port- 
able terminal or an electronic timepiece is contained in 
a battery charger called a "station", data transfer is per- is 
formed between the portable electronic device and the 
station along with charging of the portable electronic 
device. When the charging or the data transfer is 
arranged to be performed via electrical contacts, since 
these electrical contacts are exposed, a problem arises 20 
with respect to waterproofing. Because of this, it is 
desired that the charging or the signal transfer be 
arranged to be performed in a noncontact manner by 
means of electromagnetic coupling caused by inductors 
provided in the station and the portable electronic 25 
device. 

[0003] In such an arrangement, when a high fre- 
quency signal is applied to the inductor of the station, an 
external magnetic field occurs and then an induced volt- 
age is generated across the inductor on the part of the 30 
portable electronic device. By rectifying this induced 
voltage using a diode or the like, a secondary battery 
incorporated in the portable electronic device can be 
charged in a noncontact manner. Due to electromag- 
netic coupling between both inductors, the data transfer 35 
can be performed in a noncontact manner from the sta- 
tion to the portable electronic device and/or from the 
portable electronic device to the station. 
[0004] The charging of the secondary battery incor- 
porated in the portable electronic device and the data ao 
transfer between the station and the portable electronic 
device is performed using the same principle, that is, 
these are performed by applying a high frequency sig- 
nal to the inductor. Therefore, when a user performs the 
charging during the data transfer between the station 45 
and the portable electronic device, since the portable 
electronic device determines that abnormal data is 
transmitted, there is a risk that the portable electronic 
device may malfunction, which is against the intentions 
of the user. Likewise, since the charging and the data so 
transfer are performed using the same principle, data 
communication cannot be performed during the charg- 
ing. 

[0005] Therefore, a conventional electronic device 
distinguishes a charging mode from a communication 55 
mode. By exclusively enabling one of the charging and 
the data communication to be performed within a prede- 
termined period, the conventional electronic device is 



controlled so as to prevent malfunctioning. In this case 
in which the charging mode and the communication 
mode are exclusively switched, when the data commu- 
nication requires a long time and when the voltage of 
the secondary battery of the portable electronic, device 
drops, since transition must be made from the commu- 
nication mode to the charging mode after the termina- 
tion of a sequence of the communication, the secondary 
battery cannot be charged instantly. Accordingly, there 
is a problem that the secondary battery voltage drop 
causes communication quality to be degraded. There is 
a proposition in which the charging of the secondary 
battery is performed by rectifying the communication 
data during the communication mode. However, this 
proposition is a problem that the secondary battery is 
overcharged when the communication takes a long 
time. 

Disclosure of Invention 

[0006] The present invention provides an electronic 
device in which, without causing malfunction, improve- 
ment of usability can be achieved by enabling charging 
and data communication to be performed among dis- 
crete devices when the user desires. 
[0007] According to a first aspect of the present 
invention, in an electronic device in which electrical 
power transfer and data transfer are performed by 
exchanging physical energy with an opposing device, 
the electronic device includes a packet creating unit for 
creating a packet having a format corresponding to the 
electrical transfer or the data transfer and a superposing 
unit for superposing the created packet created by the 
packet creating unit onto the physical energy. 
[0008] According to a second aspect of the present 
invention, in an electronic device in which electrical 
power transfer and data transfer are performed by 
exchanging physical energy with an opposing device, 
the electronic device includes an extracting unit for 
extracting a packet superposed on the physical energy 
generated from the opposing device, a packet determin- 
ing unit for determining a packet format extracted by the 
extracting unit, and a control unit performing either elec- 
trical power reception or data reception based on the 
determination result by the packet determining unit. 
[0009] According to a third aspect of the present 
invention, in an electronic device in which a first device 
and a second device are provided, and electrical power 
transfer and data transfer are performed by exchanging 
physical energy between the first device and the second 
device, the first device is provided with a packet creating 
unit for creating a packet having a format corresponding 
to electrical power transfer or data transfer and a super- 
posing unit for superposing the packet created by the 
packet creating unit onto the physical energy, and the 
second device is provided with an extracting unit for 
extracting the packet superposed on the physical 
energy, a packet determining unit for determining a 
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packet format extracted by the extracting unit, and a 
control unit for performing either electrical power recep- 
tion or data reception based on the determination result 
by the packet determining unit 

[0010] According to the first aspect (the third 5 
aspect), by providing an instructing unit for selectively 
instructing either the electrical power transfer or the 
data transfer with the electronic device (the first device), 
the packet creating unit may create the packet having 
the format corresponding to the transfer instructed by 10 
the instructing unit. In addition, in a case in which an 
electrical power transfer request is transmitted from the 
opposing device, the instructing unit may give an electri- 
cal power transfer instruction. 

[0011] According to the first aspect (the third 15 
aspect), the packet creating unit may create a data 
transfer format packet by storing an appropriate error 
detection code in a region for storing an error detection 
code provided in the packet when the data transfer for- 
mat packet is created, and may create an electrical 20 
power transfer format packet by storing an inappropriate 
error detection code therein when the electrical power 
transfer format data is created. 
[0012] According to the second aspect (the third 
aspect), alternatively, a converting unit for converting 25 
the physical energy generated from the opposing device 
into electrical energy and a secondary battery are fur- 
ther provided in the electronic device (second device), 
and in a case in which the packet format determined by 
the packet determining unit is an electrical power trans- 30 
fer format, a charging control unit for charging the sec- 
ondary battery using the electrical energy is provided in 
the control unit. In addition, the electronic device (the 
second device) may be provided with a voltage detect- 
ing unit for detecting the voltage of the secondary bat- 35 
tery when the packet is received, and a charging- 
request transmission unit for, in a case in which the volt- 
age of the secondary battery is a predetermined value 
or less, transmitting a request for charging to the first 
device to the opposing device (the first device). 40 
[0013] According to the second aspect (the third 
aspect), the electronic device (the second device) may 
be provided with a storing unit for storing data therein, 
and a storage control unit for, in a case in which the 
packet format determined by the packet determining 45 
unit is a data transfer format, allowing the received data 
to be stored in the storing unit. 
[0014] According to the second aspect (the third 
aspect), the packet determining unit may error-detect 
the packet extracted by the extracting unit and may so 
determine the packet format based on the result of the 
error detection. 

Brief Description of the Drawings 

55 

[0015] 

Fig. 1 is a plan view showing the construction of a 
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station 100 and an electronic watch 200 according 
to an embodiment of the present invention. 
Fig. 2 is a cross sectional view showing the con- 
struction of the station 1 00 and the electronic watch 
200. 

Fig. 3 is a block diagram showing the electrical con- 
struction of the station 1 00 and the electronic watch 
200. 

Fig. 4 is a block diagram showing the construction 
of a demodulation circuit 244 of the electronic 
watch 200. 

Fig. 5 consists of timing charts illustrating actions of 
the demodulation circuit 244. 
Fig. 6 is a timing chart showing one example of a 
demodulation signal S jn , a clock signal CL, and a 
writing control signal WRO, which are used in the 
electronic watch 200. 

Fig. 7 is a block diagram showing the internal con- 
struction of a serial-to-parallel converting circuit 
247 of the electronic watch 200. 
Fig. 8 is a block diagram showing the internal con- 
struction of a packet determining circuit 248 of the 
electronic watch 200. 

Fig. 9 is a block diagram showing the internal con- 
struction of a parity detecting circuit 2481 of the 
packet determining circuit 248. 
Fig. 10 is a timing chart illustrating the operations of 
the station 100 and the electronic device 200. 
Fig. 11 is a diagram illustrating a modified form of 
the embodiment of the present invention. 

Best Mode for Carrying Out the Invention 

[0016] Hereinafter, while referring to drawings, an 
electronic device according to best mode for carrying 
out the invention is described with reference to the 
drawings. Parts identical to corresponding parts in each 
of the drawings have the same reference numerals. In 
the present embodiment, although the description is 
made using an example in which a station serves as an 
electronic device and an electronic watch serves as an 
opposing device, the present invention is not necessar- 
ily limited to the concrete construction of the present 
embodiment of the present invention. 

{Mechanical Construction) 

[0017] Fig. 1 is a plan view showing the construc- 
tion of a station (a first device) 1 00 and an electronic 
watch 200 according to the embodiment. As shown in 
this figure, the electronic watch 200 is contained in a 
recessed part 1 01 of a station 1 00 when the charging or 
the data transfer is performed. Since this recessed part 
101 is formed having a shape so as to correspond to a 
main part 201 and a band 202 of the electric watch 200 
and so as to be slightly larger than these, the watch 
main part 201 is contained in the station 100 while being 
located. 
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[0018] The station 100 is provided with an input 
section 103 for performing an input operation for the 
start of charging and the start of data transfer as well as 
a display section 1 04 for showing various displays. The 
electronic watch 200 according to the present embodi- 5 
ment is constructed so as to be worn on a wrist of a user 
in a normal operating condition and is capable of dis- 
playing the date, the time, and the like on the display 
section 104. 

[0019] Fig. 2 shows a cross sectional view taken jo 
along line A-A in Fig. 1 . As shown in this figure, a watch- 
side inductor 21 0 for transferring data and charging is 
provided via a cover glass 211 in a bottom back cover 
21 2 of the electronic watch main part 201 . A circuit sub- 
strate 221, which is connected to a secondary battery 15 
220, the watch-side inductor 210, and the like, is pro- 
vided in the watch main part 201 . 
[0020] An inductor 1 1 0 is provided via a cover glass 
1 1 1 in the recessed part 1 01 of the station 100 so as to 
face the watch-side inductor 21 0. Furthermore, the sta- 20 
tion 100 is provided with a circuit substrate 121 which is 
connected to the inductor 1 1 0, the input section 1 03, the 
display section 104, the primary battery (not shown), 
and the like. 

[0021] Thus, in a state in which the electronic watch 25 
200 is contained in the station 100, the station-side 
inductor 1 1 0 and the watch-side inductor 21 0 are not in 
physical contact because of the cover glasses 111 and 
211. However, since the winding faces of the inductors 
are parallel, they are electromagnetically coupled. 30 
[0022] To avoid magnetization of the watch 
mechanical part, to avoid an increase in weight of the 
watch-side, to avoid exposure of magnetic metals, and 
the like, the station-side inductor 1 1 0 and the watch- 
side inductor 21 0 are air-core inductors having no core. 35 
Therefore, the adoption of an inductor having a core 
may be applied to an electronic device in which these 
reasons do not matter. However, when the frequency of 
a signal applied to the inductor is sufficiently high, an 
air-core inductor suffices. ao 

(Electrical Construction) 

[0023] Next, the electrical construction of the sta- 
tion 1 00 and the electrical watch 200 are described. 45 
[0024] Fig. 3 is a circuit diagram showing the elec- 
trical construction of the station 1 00 and the electronic 
watch 200. In this figure, an oscillation circuit 140 out- 
puts a clock signal CLK for synchronizing the actions of 
each unit. The input unit 1 03 is operated by the user and so 
outputs an input signal in response to the user's opera- 
tion (instruction). A control unit 142 operates in synchro- 
nization with the clock signal CLK output from the 
oscillation circuit 140 and each unit of the station unit 
100 is controlled based on the input signal from the 55 
input unit 103. The display section 104 displays various 
information to the user based on a control signal output 
from the control unit 142. The input unit 103 and the 



control unit 142 constitute an instruction unit. 
[0025] A packet creating circuit (packet creating 
unit) 144 creates a packet formatted in a predetermined 
manner based on a control signal output from the con- 
trol unit 142 and outputs a signal representing the cre- 
ated packet. The format of the packet is described in 
detail below. A transmission circuit 146 outputs a 
switching signal obtained by causing a fixed frequency 
signal to be output in bursts while the signal output from 
the packet creating circuit 144 is retained at an L level. 
The output terminal of the transmission circuit 146 is 
connected to the gate of a transistor 1 48. 
[0026] The drain of the transistor 148 is connected 
to one end of the inductor 1 1 0, and the source thereof is 
grounded. The other end of the inductor 1 10 is pulled up 
by the power supply voltage Vcc. Accordingly, the tran- 
sistor 148 is switched in accordance with the output 
level of the switching signal output from the transmis- 
sion circuit 1 46. That is, the transmission circuit 1 46, the 
transistor 148, and the inductor 1 1 0 constitute a super- 
posing unit in which the signal output from the packet 
creating circuit 1 44 is superposed onto electromagnetic 
energy. 

[0027] Next, the electronic watch 200 side is 
described. While one terminal of the watch-side induc- 
tor 210 is connected via a diode 240 and a charging 
control circuit 242 to the positive-side terminal of the 
secondary battery 220, the other terminal of the watch- 
side inductor 21 0 is connected via the charging control 
circuit 242 to the negative-side terminal of the second- 
ary battery 220. The charging control circuit 242 causes 
the cathode of the diode 240 and the positive-side ter- 
minal of the secondary battery 220 to be connected 
when a control signal CNT output from a packet deter- 
mining circuit 248, which is described below, is an H 
level (HIGH level); when the signal level is the L level 
(LOW level), they are caused to be insulated. 
[0028] The input of a demodulation circuit (extract- 
ing unit) 244 is connected to a connection point 
between the anode of the diode 240 and the watch-side 
inductor 210. The demodulation circuit 244 demodu- 
lates and wave-rectifies the signal transmitted from the 
station-side inductor 1 10 to the watch-side inductor 21 0, 
whereby a demodulated signal S in is output from the 
output terminal thereof. This demodulated signal S in is 
serial data having a signal format used for serial data 
transfer. 

[0029] Here, the construction of the demodulation 
circuit 244 of the electronic watch 200 is described with 
reference to Fig. 4. Fig. 4 is a block diagram showing the 
construction of the demodulation circuit 244 of the elec- 
tronic watch 200. The construction shown in the figure is 
merely one example and is inherently varied in accord- 
ance with the modulation method of the transmission 
circuit 146 of the station 100. 

[0030] As shown in Fig. 4, a signal S1 induced 
across the terminals of the watch-side inductor 210 is 
level-inverted as well as wave-rectified by an inverter 
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circuit 2441 and is supplied as reset signals RST to D 
flip-flops 2442 and 2443. A clock signal CL1 in synchro- 
nization with a clock signal CL, which is described 
below, is input to clock terminals CL of D flip-flops 2442 
and 2443. An input terminal D of the D flip-flop 2442 is 
connected to the power supply voltage Vcc and an out- 
put terminal Q thereof is connected to the input terminal 
D of the next-stage D flip-flop 2443. The demodulation 
signal is arranged so that the signal from the output ter- 
minal Q of the D flip-flop 2443 is output as the demodu- 
lated signal S in . 

[0031] Next, the waveform of each unit of the 
demodulation circuit 244 having the above-described 
construction is described. Fig. 5 is a timing chart illus- 
trating actions of the demodulation circuit 244. 
[0032] By causing the transmission circuit 146 to 
switch the transistor 1 48 on, the signal S1 , shown in Fig. 
5, is assumed to be induced across the watch-side 
inductor 210. 

[0033] For such a signal S1, as shown in Fig. 5, 
when the level of the signal S1 is below a threshold 
value Vth, the signal RST, i.e., the output signal from the 
inverter circuit 2441, goes to a square wave having the 
H level. The D flip-flops 2442 and 2443 are reset in a 
case in which the signal RST is the H level. Since, at the 
leading edge of the clock signal CL1, the D flip-flops 
2442 and 2443 output the signals having the level of the 
corresponding input terminals D immediately before, 
the outputs of the D flip-flop 2442 and S in of the D 
flip-flop 2443 are each as shown in Figs. 5. That is, the 
level of the output signal S ln output from the demodula- 
tion circuit 244 goes to the L level during the period of 
the occurrence of the external magnetic field caused by 
the inductor 1 10 of the station 1 00. 
[0034] The period of the occurrence of the external 
magnetic field due to the inductor 1 10 of the station 100 
is a period during which bits constituting a packet input 
to the transmission circuit 146 are at the L level. 
[0035] In Fig. 3, the serial-to-parallel converting cir- 
cuit 247 is a circuit which converts the demodulation 
signal S^, which is the serial signal, into a parallel signal 
having a signal format used for parallel data transfer, 
and which is provided at the subsequent stage of the 
demodulation circuit 244. A timing control circuit 250 
creates the clock signal CL for controlling operating tim- 
ing of the serial-to-parallel converting circuit 247 and 
creates a writing control signal WRO for controlling tim- 
ing of writing the received communication data based 
on input demodulation signal S jn to a memory 254. 
[0036] The writing control signal WRO is a signal 
that controls whether or not the parallel data output from 
the serial-to-parallel converting circuit 247 is to be writ- 
ten to the memory 254, and primarily prevents data 
other than appropriate communication data from being 
written to the memory 254 during conversion of the 
serial-to-parallel converting circuit 247. 
[0037] Here, the packet exchanging between the 
station 100 and the electronic watch 200 is described. 



When the communication is normally performed, the 
packet created in the packet creating circuit 144 and the 
packet represented by the demodulation signal S in out- 
put from the demodulation circuit 244 are identical. 

5 [0038] Fig. 6 is a timing chart showing one example 
of the demodulation signal Sj n , the clock signal CL, and 
the writing control signal WRO. As shown in Fig. 6, the 
packet represented by the demodulation signal S in 
includes a start bit STB, an 8-bit data unit, a parity bit 

w PB, and a stop bit SPB. The start bit is a bit for identify- 
ing the start of the packet. The data unit is a bit group 
whose level (value) of each bit is varied in accordance 
with the communication data. The parity bit PB is a bit 
for error detection due to the parity check and uses odd 

15 parity in the present embodiment. That is, in a case in 
which the number of bits having the H level in the data 
unit is an odd number, the H level is set to the level of 
the parity bit PB; and when it is an even number, the L 
level is set to the parity bit PB, whereby the number of 

20 bits in the data unit and the parity bit PB is arranged to 
be an odd number. The stop bit SPB is a bit for identify- 
ing the end of the packet. 

[0039] In the present embodiment, the packet cre- 
ating circuit 144 creates a packet having all bits contain- 

25 ing the start bit STB, the 8-bit data unit, the parity bit PB, 
and the L level is set to the stop bit SPB when the sec- 
ondary battery 220 is to be charged (hereinafter the 
packet transmitted from the station 100 during the 
charging is referred to as a "charging packet"). That is, 

30 in the charging packet, the parity bit PB does not func- 
tion as the odd parity bit. 

[0040] In the case of the normal data communica- 
tion, a packet transmitted from the station 1 00 (referred 
to as a "data packet") has a start bit STB of the L level 
35 and a stop bit SPB of the H level. The 8 bits of the data 
unit are in accordance with the communication data and 
the value of the parity bit PB is in accordance with the 
content of the data unit. 

[0041] Next, the internal construction of the serial- 

40 to-parallel converting circuit 247 is described. 

[0042] Fig. 7 is a block diagram showing the internal 
construction of the serial-to-parallel converting circuit 
247. As shown in Fig. 7, the serial-to-parallel converting 
circuit 247 is a ten-stage shift register obtained by cas- 

45 cading flip-flops 2470 to 2479. The clock signal CL is 
input to each of the flip-flops 2470 to 2479. Whenever 
the clock signal CL is input, the stored content from 
each stage is shifted to its subsequent stage. In the 
example shown in Fig. 7, when the clock signal CL hav- 

50 ing an amount corresponding to ten cycles are input to 
the serial-to-parallel converting circuit 247, the binary 
signal Q 1 to Q 7 representing each bit signal of the data 
unit of the packet, a binary signal PB representing the 
parity bit PB, and the binary signal SPB representing 

55 the stop bit SPB shown in Fig. 6 are obtained. In this 
embodiment, the binary signal corresponding to a bit 
has the same reference numeral as the corresponding 
bit has. 
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[0043] Next, the packet determining circuit 248 is 
described. Based on the parallel signals (signals Q 1 to 
Q 7 and PB) output from the serial-to-parallel converting 
circuit 247, the clock signal CL output from the timing 
control circuit 250, and the writing control signal WRO, 
the packet determining circuit 248 is a circuit that deter- 
mines whether a packet transmitted from the station 1 00 
is a charging packet or a data packet 
[0044] In a case in which all of the following condi- 
tions (1) to (3) are satisfied, the packet determining cir- 
cuit 248 determines that the transmitted packet is the 
charging packet. 

(1) a parity error occurs 

(2) the stop bit SPB is the L level 

(3) all of the signals of the data unit Q 1 to Q 7 are the 
L level 

[0045] Fig. 8 is a block diagram showing the internal 
construction of the packet determining circuit 248. 
[0046] In this figure, the parity detecting circuit 2481 
outputs a parity detection signal ODD having the M level 
in a case in which the number of H level signals in the 
signals (the signals Q t to Q 7 and PB) constituting the 
parallel signal input to the packet determining circuit 
248 is odd. 

[0047] Fig. 9 is a block diagram showing the internal 
construction of the parity detecting circuit 2481. As 
shown in Fig. 9, the parity detecting circuit 2481 
includes parity detecting units 24a, 24b, 24c, and 24d, 
and outputs a signal having the H level in a case in 
which the number of H level signals among the three 
input signals is one or three. Signals Q 0 to Q 2 of the 
data unit are input to the parity detecting unit 24a, sig- 
nals Q 3 to Q 5 of the data unit are input to the parity 
detecting unit 24b, and signals Q 6 , Q 7 , and the parity bit 
PB are input to the parity detecting unit 24c. The out- 
puts of the parity detecting units 24a to 24c are input to 
the parity detecting unit 24d and the parity detecting sig- 
nal ODD is output. 

[0048] In Fig. 8, the parity detecting signal ODD 
output from the parity detecting circuit 2481 is input to 
an inverting input terminal of an AND gate 2482, the 
stop bit SPB is input to an inverting input terminal of an 
AND gate 2483, and the writing control signal WRO is 
input to the other input terminals of each of the AND 
gates 2482 and 2483. Whenever the writing control sig- 
nal WRO goes to the H level, the AND gates 2482 and 
2483 go into conduction states. With this case, in the 
only case in which the parity detecting signal ODD is the 
L level, the output of the AND gate 2482 goes to the H 
level. In the only case in which the stop bit SPB is the L 
level, the output of the AND gate 2483 goes to the H 
level. 

[0049] The output terminal of the AND gates 2482 
is connected to the S input terminal of SR flip-flop 2484 
and the dock signal CL is input to the R input terminal 
thereof. The output terminal of the AND gate 2483 is 



connected to the S input terminal of SR flip-flop 2485 
and the clock signal CL is input to the R input terminal 
thereof. The output terminals of the SR flip-flop 2484 
and 2485 are connected to the corresponding input ter- 

5 minals of an AND gate 2487. Accordingly, when the 
clock signal is the L level, a signal input to the S input 
terminals of the SR flip-flops 2484 and 2485 are output 
from the output terminals thereof. When the clock signal 
is the H level, both of the SR flip-flops 2484 and 2485 

w are reset. With the above-described circuit, the output of 
the AND gate 2487 goes to the H level only in a case in 
which both of the parity detection signal ODD and the 
stop bit SPB are the L level. The output of the AND gate 
2487 is the H level, which means the above described 

15 conditions (1 ) and (2) are satisfied. 

[0050] Since the signals Q 0 to Q 7 of the data unit 
are input to corresponding inverting input terminals of 
an AND gate 2486, only in a case in which all of the sig- 
nals Q 0 to Q 7 are the L levels, the output terminal of the 

20 AND gate 2486 goes to the H level. That is, the output 
terminal of the AND gate 2486 is the H level, which 
means that the above-described condition (3) is satis- 
fied. 

[0051] The output terminals of the AND gates 2486 
25 and 2487 are connected to the corresponding input ter- 
minals of an AND gate 2488. Accordingly, the signal 
output from the output terminal of the AND gate 2488, 
i.e., the control signal CNT, is the H level, which means 
that all of the above-described conditions (1) to (3) are 
30 satisfied. Hence, in a case in which the control signal 
CNT is the H level, the transmitted packet can be deter- 
mined to be the charging packet; and in a case in which 
the control signal CNT is the L level, the transmitted 
packet is the other packet, (i.e., the data packet). Using 
35 the control signal CNT, the format of the transmitted 
packet can be determined. 

[0052] In Fig. 3, the output of the packet determin- 
ing circuit 248 is connected to the charging control cir- 
cuit 242 and an inverting input terminal of the AND gate 

40 252. Hence, in the only case in which the control signal 
CNT is the H level, the AND gate 252 is in a non-con- 
ducting state. The writing control signal WRO output 
from the timing control circuit 250 is input to the other 
input terminal of the AND gate 252. The output terminal 

45 of the AND gate 252 is connected to a writing signal 
input terminal WR of the memory (storage unit) 254. 
The parallel data output from the serial-to-parallel con- 
verting circuit 247 is input to the memory 254. The 
memory 254 fetches the parallel signal (the signals Q 0 

so to Q 7 and PB) and stores it therein as the data when the 
writing signal input terminal WR is the H level. That is, 
the AND gate 252 constitutes a storage control unit and 
the AND gate 252 and the charging control circuit 242 
constitutes a part of a control unit. 

55 [0053] The data written to the memory 254 is prop- 
erly read by a control unit 230, and the control unit 230 
performs control in accordance with the contents of the 
read data. The control unit 230 is provided with a timing 
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function for causing the display unit 204 to display the 
time while controlling an instructed action in accordance 
with an operation of an input unit 103 from the user. 

(Operations) 

[0054] Next, in the station 100 and the electronic 
watch 200 according to one embodiment having the 
above-described construction, the charging operation 
and the data transfer operation are described. 
[0055] Initially, as shown in Fig. 1 , the user causes 
the electronic watch 200 to be contained in the 
recessed part 101 of the station 100. Because of this, 
since the station-side inductor 110 and the watch-side 
inductor 210 face each other, as shown in Fig. 2, the 
station 100 and the electronic watch 200 are electro- 
magnetically coupled. 

[0056] Afterwards, the user operates the input unit 
103 of the station 100 so as to start the charging. The 
control unit 142 outputs, to the packet creating circuit 
144, a control signal for creating the charging packet. 
When the packet creating circuit 1 44 receives this con- 
trol signal, it creates the packet by setting the L level to 
all of the start bit STB, the 8-b'rt data unit, the parity bit 
PB, and the stop bit SPB, and outputs the signal repre- 
senting this packet to the transmission circuit 146. 
When the transmission circuit 146 receives the created 
packet, the transmission circuit 146 outputs a switching 
signal obtained by causing a fixed frequency pulse sig- 
nal to be output in bursts while the charging packet is 
output from the packet creating circuit 144. 
[0057] The switching signal output from the trans- 
mission circuit 146 causes the transistor 148 to be 
switched, which changes the current flowing across the 
station-side inductor 110. Because of this, since the 
magnetic flux penetrating through the watch-side induc- 
tor 21 0 is varied, an induced current is generated in the 
watch-side inductor 210 (see S1 in Fig. 5). 
[0058] The current generated in the watch-side 
inductor 210 is input as the signal S1 to the demodula- 
tion circuit 244. When the signal S1 is input to the 
demodulation circuit 244, the demodulation signal S in is 
output. Since the transmitted packet is the charging 
packet, as shown in Fig. 10, the demodulation signal S ln 
is obtained by setting the L level to all bits thereof. Fig. 
10 shows a timing chart illustrating operations of the 
electronic device according to one embodiment of the 
present invention. 

[0059] The demodulation signal S ln output from the 
demodulation circuit 244 is input to the packet determin- 
ing circuit 248 and the serial-to-parallel converting cir- 
cuit 247. The demodulation signal S in input to the serial- 
to-parallel converting circuit 247 is converted into the 
parallel signal and each of the bits Q 0 to Q 7 of the sig- 
nals of the parallel signal, PB, and SPB are output to the 
packet determining circuit 248 and the memory 254. 
Since the writing signal input terminal WR is retained at 
the L level at this point, the content of the data is not 



stored in the memory 254. 

[0060] The packet determining circuit 246 causes 
the circuits shown in Figs. 8 and 9 to perform logical 
operations on signals Q 0 to Q 7 , PB, and SPB. Now, 

5 since signals Q 0 to Q 7 , PB, and SPB all are the L level, 
the control signal CNT goes to the H level (see Fig. 10). 
When this control signal CNT is input to the charging 
control circuit 242, the cathode of the diode 240 and the 
positive-side terminal of the secondary battery 220 are 

w caused to be connected. As a result of this, the current 
generated in the watch-side inductor 210 is rectified by 
the diode 240 and flows into the secondary battery 220 
via the charging control circuit 242. In other words, the 
secondary battery 220 is charged. 

15 [0061] On the other hand, since the control signal 
CNT is input to the inverting input terminal of the AND 
gate 252, the AND gate 252 goes into the non-conduct- 
ing state. Hence, since the writing signal input terminal 
WR of the memory 254 is retained at the L level, writing 

20 to the memory 254 is not performed. 

[0062] The above-described operations are 
repeated during the charging. In Fig. 10, a delay is 
caused for a time T between when the demodulation 
signal S jn goes to the L level and when the control signal 

25 CNT goes to the H level. This means that it takes the 
serial-to-parallel converting circuit 247 and the packet 
determining circuit 248 at least an amount of time corre- 
sponding to one packet to determine whether the packet 
is the charging packet. 

30 [0063] Next, operations are described in which a 
data packet is exchanged during the charging. 
[0064] In the middle of the charging, the user is 
assumed to perform an input operation for data input or 
data transmission by operating the input unit 103 of the 

35 station 1 00. The control unit 1 42 outputs a control signal 
for creating the transmission data and the data packet to 
the packet creating circuit 144. When the packet creat- 
ing circuit 1 44 receives the control signal for creating the 
transmission data and the data packet, the packet is 

40 created which contains the start bit STB having the L 
level, the data unit having the level of each bit so as to 
correspond to the transmission data, the parity bit PB in 
accordance with the content of the data unit, and the 
stop bit SPB having the H level, and then a signal repre- 

45 senting this packet is output. When the transmission cir- 
cuit 146 receives the created packet, the transmission 
circuit 146 outputs in turn a switching signal corre- 
sponding to the levels of the bits constituting the packet. 
[0065] The switching signal output from the trans- 

50 mission circuit 146 causes the transistor 148 to be 
switched, which changes the current flowing through 
the station-side inductor 110. Because of this, since the 
magnetic flux penetrating through the watch-side induc- 
tor 210 varies, the induced current is generated in the 

55 watch-side inductor 21 0. 

[0066] The current generated in the watch-side 
inductor 210 is input as the signal S1 to the demodula- 
tion circuit 244 (See Fig. 5). The demodulation signal 
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S in is output from the demodulation circuit 244 having 
the signal S1 input to. Since the transmitted packet is 
the data packet, the waveform of the demodulation sig- 
nal S in is varied in accordance with the communication 
data in the packet. 

[0067] The output demodulation signal S ln output 
from the demodulation circuit 244 is input to the timing 
control circuit 250 and the serial-to-parallel converting 
circuit 247. The demodulation signal S ln input to the 
serial-to-parallel converting circuit 247 is converted into 
the parallel data and signals Q 0 to Q 7 , PB, and SPB are 
output in parallel to the packet determining circuit 248 
and the memory 254. At this point, the content of the 
data represented by the signal is not stored because the 
writing signal input terminal WR is retained at the L 
level. 

[0068] The packet determining circuit 248 causes 
the circuits shown in Figs. 8 and 9 to perform logical 
operations on signals Q 0 to Q 7 of the data unit of the 
packet, the parity bit PB, and the stop bit SPB. Since the 
data packet has a configuration so that the parity check 
is performed using odd parity, a state in which each bit 
Q 0 to Q 7 of the data unit is the L level and the parity bit 
is also the L level basically never occurs. Hence, the 
control signal CNT output from the packet determining 
circuit 248 is the L level (see Fig. 10). This control signal 
CNT is input to the charging control circuit 242, which 
causes the cathode of the diode 240 and the positive- 
terminal of the secondary battery 220 to be isolated 
therebetween. As a result of this, since the current gen- 
erated in the watch-side inductor 21 0 flows only into the 
demodulation circuit 244, the secondary battery is not 
charged. 

[0069] On the other hand, the control signal CNT is 
input to the inverting input terminal of the AND gate 252. 
Since the level of the control signal CNT is the L level, 
the AND gate 252 is caused to be in the conduction 
state. As shown in Fig. 6, whenever one packet is 
received, one shot of the writing control signal WRO is 
output. Accordingly, at this point, the communication 
data represented by the signal output from the serial-to- 
parallel circuit 1 03 is written to the memory 254. 
[0070] The above-described operations are 
repeated during the data transfer. That is, whenever the 
electronic watch 200 receives one communication 
packet, the writing control-signal WRO is output from the 
timing control circuit 250 (see Fig. 10), whereby writing 
the communication data to the memory 254 is per- 
formed. 

[0071 ] As described above, the station 1 00 and the 
electronic watch 200 according to the present embodi- 
ment perform the charging and the data transfer using 
the packet. Therefore, for example, while the data trans- 
fer is being performed for a long time, the charging can 
be performed (by inserting the charging packet among a 
series of the data packet); on the contrary, while the 
charging transfer is being performed for a long time, the 
data transfer can be performed (by inserting the data 



packet among a series of the charging packet). Further- 
more, since the actions can be switched when the user 
desires, the usability can be greatly improved. 
[0072] In the present embodiment, during the 

5 charging, the station 1 00 transmits the charging packet, 
and the electronic watch 200 determines that the trans- 
mitted packet is the charging packet, thereby controlling 
each unit so that the charging of the secondary battery 
220 is performed while preventing a writing operation to 

10 the memory 254. Because of this, a risk can be avoided 
in which inappropriate data is written to the memory 254 
during the charging of the secondary battery 220. That 
is, malfunction of the electronic watch 200 can be pre- 
vented. 

is [0073] In the present embodiment, during the data 
transfer, the station 100 transmits the data packet and 
the electronic watch 200 determines that the transmit- 
ted data is the data packet thereby controlling each unit 
so that the charging of the secondary battery 220 is pro- 

20 hibited while permitting a writing operation to the mem- 
ory 254. Because of this, the charging of the secondary 
battery 220 is not performed during the data communi- 
cation. That is, the overcharging of the secondary bat- 
tery 220 can be prevented. 

25 

(Modified Examples) 

[0074] In the above-described embodiment, the fol- 
lowing modifications can be made. 

30 [0075] For example, in the above-described embod- 
iment, a description is made using an example in which 
the packet transfer from the station 1 00 to the electronic 
watch 200 is performed. Alternatively, along with provi- 
sion of the circuit equivalent to the demodulation circuit 

35 244 in the station 100, circuits equivalent to the packet 
creating circuit 144 and the transmission circuit 146 are 
provided in the electronic watch 200 so that the packet 
transmission can be performed from the electronic 
watch 200 to the station 100. 

40 [0076] In the above-described embodiment, the 
charging or the data transfer is determined by an 
instruction from the user. However, as shown in Fig. 11, 
by detecting, in the electronic watch 200, the voltage 
across the secondary battery 220 shortly after the 

45 packet is received from the station 1 00, it may be deter- 
mined in accordance with the detected value whether 
the communication is to be continued or the charging is 
to be performed. Fig. 1 1 is a diagram illustrating a mod- 
ified embodiment of the present invention. In order to 

so realize this form, a voltage detection circuit for detecting 
the voltage of the secondary battery 220 and a charg- 
ing-request transmission circuit for transmitting a charg- 
ing request (electrical power transfer request) to the 
station 100 must be provided in the electronic watch 

55 200 while a reception circuit receiving the charging- 
request must be provided in the station 1 00. Alterna- 
tively, in this form, an operation unit is provided in the 
electronic watch 200 side and the user operates this 
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operation unit so that a charging start instruction of the 
secondary battery 220 or a data transfer start instruc- 
tion can be input. 

[0077] Alternatively, a sensor or the like is provided 
in the electronic watch 200 so that vital information, 
such as the pulse rate or the heart rate can be detected, 
stored, and displayed. Furthermore, in the station 100, 
data that the user input by operating the input unit 103 
may be stored as a communication data in the data unit 
of the data packet. 

[0078] The present invention is applicable to every 
electronic device that performs electrical power transfer 
or data transfer. For example, the present invention is 
applicable to an electrical device provided with a sec- 
ondary battery, such as an electric toothbrush, an elec- 
tric shaver, a cordless telephone, a portable telephone, 
a personal handy phone system terminal, a mobile per- 
sonal computer, or a PDA (Personal Digital Assistants), 
as well as its charger. 

[0079] Furthermore, in the above-described 
embodiment, the case is described in which the station- 
side inductor 110 and the watch-side inductor 210 are 
provided and then the electrical power transfer and the 
signal transfer are performed by means of electromag- 
netic coupling or electromagnetic induction. However, 
transfer energy is not limited to electromagnetic energy. 
For example, a form using optical energy or acoustic 
energy may be applicable. 

[0080] In a case in which optical energy is used, the 
form can be implemented by, for example, combining an 
LED (Light Emitting Diode) and a photodiode. In a case 
in which acoustic energy is used, the form can be imple- 
mented by, for example, combining a sound-emitting 
element, such as a speaker, and a microphone, 
whereby a transfer environment equivalent to the one in 
which electric energy is used can be realized. 

Claims 

1 . An electronic device in which electrical power trans- 
fer and data transfer are performed by exchanging 
physical energy with an opposing device, said elec- 
tronic device being characterized in that: 

a packet creating unit for creating a packet hav- 
ing a format corresponding to the electrical 
transfer or the data transfer and 
a superposing unit for superposing the created 
packet created by said packet creating unit 
onto said physical energy are provided. 

2. An electronic device according to Claim 1 , charac- 
terized in that, while an instructing unit for selec- 
tively instructing either said electrical power transfer 
or the data transfer is provided, said packet creating 
unit creates the packet having the format corre- 
sponding to the transfer instructed by said instruct- 
ing unit. 



3. An electronic device according to Claim 2, charac- 
terized in that, in a case in which an electrical power 
transfer request is transmitted from said opposing 
device, said instructing unit gives an electrical 

s power transfer instruction. 

4. An electronic device according to Claim 1, charac- 
terized in that said packet creating unit creates a 
data transfer format packet by storing an appropri- 

w ate error detection code in a region for storing an 
error detection code provided in the packet when 
the data transfer format packet is created, and cre- 
ates an electrical power transfer format packet by 
storing an inappropriate error detection code 

is therein when the electrical power transfer format 
data is created. 

5. An electronic device in which electrical power trans- 
fer and data transfer are performed by exchanging 

20 physical energy with an opposing device, said elec- 
tronic device being characterized in that: 

an extracting unit for extracting a packet super- 
posed on said physical energy generated from 
25 said opposing device, 

a packet determining unit for determining a 
packet format extracted by said extracting unit, 
and 

a control unit performing either electrical power 
30 reception or data reception based on the deter- 

mination result by said packet determining unit 
are provided. 

6. An electronic device according to Claim 5, charac- 
35 terized in that: 

a converting unit for converting said physical 
energy generated from said opposing device 
into electrical energy and 

40 a secondary battery are provided, and 

in a case in which said packet format deter- 
mined by said packet determining unit is an 
electrical power transfer format, said control 
unit comprises a charging control unit for 

45 charging said secondary battery using said 

electrical energy. 

7. An electronic device according to Claim 5, charac- 
terized in that: 

50 

a storing unit, for storing data therein and 
a storage control unit for, in a case in which 
said packet format determined by said packet 
determining unit is a data transfer format, 
55 allowing the received data to be stored in said 

storing unit are provided. 

8. An electronic device according to Claim 6, charac- 



9 



17 



EP 1 096 641 A1 



18 



terized in that: 

a voltage detecting unit for detecting the volt- 
age of said secondary battery when said 
packet is received, and 5 
a charging-request transmission unit for, in a 
case in which the voltage of said secondary 
battery is a predetermined value or less, trans- 
mitting a request for charging to the first device 
are provided. to 

9. An electronic device according to Claim 5, charac- 
terized in that: 

said packet determining unit error-detects the is 
packet extracted by said extracting unit and 
determines said packet format based on the 
result of the error detection. 

10. An electronic device in which a first device and a 20 
second device are provided, and electrical power 
transfer and data transfer are performed by 
exchanging physical energy between said first 
device and said second device, said electronic 
device being characterized in that: 25 



unit for charging said secondary battery using 
said electrical energy in a case in which said 
packet format determined by said packet deter- 
mining unit is an electrical power transfer for- 
mat. 

13. An electronic device according to Claim 12, charac- 
terized in that: 

said second device is provided with a voltage 
detecting unit for detecting the voltage of said 
secondary battery when said packet is 
received and a charging-request transmission 
unit for transmitting a request for charging to 
said first device in a case in which the voltage 
of said secondary battery is at a predetermined 
value or lower; and 

said instructing unit of said first device gives an 
instruction so that the charging packet is cre- 
ated in a case in which said charging-request is 
transmitted. 

14. An electronic device according to Claim 10, charac- 
terized in that: 



said first device is provided with a packet creat- 
ing unit for creating a packet having a format 
corresponding to electrical power transfer or 
data transfer and a superposing unit for super- 
posing said packet created by said packet cre- 
ating unit onto said physical energy, and 
said second device is provided with an extract- 
ing unit for extracting said packet superposed 
on said physical energy, a packet determining 
unit for determining a packet format extracted 
by said extracting unit, and a control unit for 
performing either electrical power reception or 
data reception based on the determination 
result by said packet determining unit. 

11. An electronic device according to Claim 10, charac- 
terized in that: 

said first device is provided with an instructing 
unit for selectively instructing either said electri- 
cal power transfer or said data transfer and 
said packet creating unit creates the packet 
having the format corresponding to the transfer 
instructed by said instructing unit. 

12. Air electronic device according to Claim 10, charac- 
terized in that: 



said second device is provided with a storing 
unit and a storage control unit for allowing the 
received data to be stored in said storing unit in 
a case in which said packet format determined 
by said packet determining unit is a data trans- 
fer format. 

15. An electronic device according to Claim 1 0, charac- 
terized in that: 

said packet creating unit creates a data transfer 
format packet by storing an appropriate error 
detection code in a region for storing an error 
detection code provided in the packet when the 
data transfer format packet is created, and cre- 
ates an electrical power transfer format packet 
by storing an inappropriate error detection 
code therein when the electrical power transfer 
format data is created and 
said packet determining unit error-detects the 
packet extracted by said extracting unit and 
determines said packet format based on the 
result of the error detection. 



35 



40 



45 



said second device is provided with a convert- 55 
ing unit for converting said physical energy into 
electrical energy and a secondary battery; and 
said control unit comprises a charging control 
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